Introduction
Glioma is one of the most lethal kinds of cancer and the most common and aggressive human primary tumor in the central nervous system. 1, 2 According to the World Health Organization (WHO) classification, glioma can be classified into four grades: pilocytic astrocytoma (grade I), diffuse astrocytoma (grade II), anaplastic astrocytoma (grade III) and glioblastoma multiform (grade IV). 3 Despite the great advancement in treatment modalities, especially the availability of radiotherapy and chemotherapy, the clinical outcome remains poor. 4, 5 The high incidence and mortality prompt us to search for new therapeutic strategies. Identifying novel molecular biomarkers for glioma could be helpful for better understanding of the carcinogenesis mechanisms and for developing patient-specific treatments as well as improving the prognosis of glioma patients.
Serpin peptidase inhibitor, clade A member 3 (SERPINA3), is a member of the serpin superfamily of protease inhibitors and was previously known as α1-antichymotrypsin. SERPINA3 inhibits the activation of several serine proteases including chymotrypsin and cathepsin G. Also, SERPINA3 plays an important role in submit your manuscript | www.dovepress.com
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luo et al cytokinesis, proliferation, apoptosis and tumor metastasis. 6, 7 Moreover, SERPINA3 overexpression is documented in several cancer types, including melanoma, 8 endometrial cancer, 9 lung cancer, 10 colon cancer, 11 breast cancer 12, 13 and hepatocellular carcinoma. 6 Intriguingly, the overexpression of SERPINA3 has been demonstrated to have a significant positive relationship with poor prognosis in patients with gastric cancer, 14 ovarian cancer, 15 lung cancer 16 and acute leukemia. 17 Furthermore, SERPINA3 promoted endometrial carcinoma cells proliferation by regulating G2/M checkpoint in the cell cycle, and inhibited cell apoptosis and activation of MAPK/ERK1/2 and PI3K/AKT signaling. 9 The results suggested SERPINA3 as a novel predictor of clinical outcomes and a potential therapeutic target of endometrial carcinoma. Recent reports showed that high SERPINA3 expression was a marker of poor prognosis in ovarian cancer. 15 SERPINA3 expression was upregulated in recurrent ovarian cancer, which may play an important role in the progression and chemoresistance. In the study of brain diseases, 18 α1-antichymotrypsin has been suggested to be involved in the etiology of Alzheimer's disease, and the study showed that activation of NF-KB may be one possible cause of increased α1-antichymotrypsin levels in Alzheimer's disease. It is noteworthy that the overexpression of dominant-negative c-jun upregulated α1-antichymotrypsin expression in glioma cells. 19 However, few studies have investigated the expression and significance of SERPINA3 in glioma tissue samples, especially in the prognosis of glioma patients.
In our study, we characterized SERPINA3 expression in clinical glioma tissue samples using immunohistochemistry (IHC) and real-time polymerase chain reaction (RT-PCR) and assessed the relationship of SERPINA3 expression with the clinicopathologic features of glioma patients. In addition, we investigated SERPINA3 expression in all 2007 WHO glioma grades. We found that the SERPINA3 expression level was positively correlated with the histologic staging. Also, we demonstrated through univariate and multivariate analyses that SERPINA3 overexpression in gliomas can indicate poor clinical prognosis. Our findings were further validated in online Oncomine database (https://www.oncomine.org/). To our knowledge, our study suggests that SERPINA3 overexpression plays an important role in glioma grade. Our data not only indicate that SERPINA3 is an independent prognostic factor of glioma patients, but also provide evidence for the potency of SERPINA3 for being a potential therapeutic target of glioma.
Materials and methods
Patients and tissue specimens
In our study, 180 paraffin-embedded glioma tissue specimens were retrieved from Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University from March 2005 to May 2011 for IHC. None of the patients had received radiotherapy or chemotherapy before surgery. The histologic tumor grade was determined according to the 2007 WHO classification system. Overall survival (OS) was calculated as the time from the date of diagnosis to the date of death or the date of the last follow-up (if death did not occur). In addition, 80 fresh glioma tissue specimens and 10 nontumorous brain tissue specimens were obtained from Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University from March 2013 to October 2016. Ten normal brain tissue specimens were taken from patients who underwent surgical operation for cerebral hemorrhage and cerebral trauma. All tissue samples were obtained with informed consent, and all procedures were performed in accordance with the Internal Review and the Ethics Board of the Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University. The ethics committee of Sun Yat-Sen Memorial Hospital also approved this research. The Karnofsky performance score (KPS) was evaluated as previously described. 20 Detailed clinicopathologic characteristics of all the patients are presented in Table 1 . 21 Briefly, paraffinembedded specimens were cut into 4 μm sections and baked at 65°C for 30 min. The sections were deparaffinized with xylene and rehydrated. The sections were submerged in ethylenediaminetetraacetic acid antigenic retrieval buffer and microwaved for antigenic retrieval. They were treated with 3% hydrogen peroxide in methanol to quench the endogenous peroxidase activity, followed by incubation with 1% bovine serum albumin to block the nonspecific binding. Mouse anti-SERPINA3 (1:200 dilution; Abcam) was incubated with the sections overnight at 4°C. For negative controls, the primary antibody was replaced by normal goat serum. After washing, the tissue sections were treated with biotinylated antimouse secondary antibody for 60 min at room temperature. After rinsing with phosphate-buffered saline (PBS), the slides were immersed for 10 min in 3,3′-diaminobenzidine (Sigma, St Louis, MO, USA) solution (0.4 mg/mL, with 0.003% hydrogen peroxide) and then monitored under the microscope. The reaction was terminated with distilled water. Slides were then counterstained with hematoxylin, dehydrated and coverslipped.
scoring of staining
The degree of immunostaining of tissue specimens was scored separately by two independent investigators, who were blinded to the histopathologic features and the patient data of the samples, and the scores were determined by combining the proportion of positively stained tumor cells and the intensity of staining. 22 Scores given by the two independent investigators were averaged for further comparative evaluation of the SERPINA3 expression. The proportion of positive stained tumor cells was graded as follows: 0 (no positive tumor cells), 1 (,10% positive tumor cells), 2 (10%-50% positive tumor cells) and 3 (.50% positive tumor cells). The cells at each intensity of staining were recorded on a scale of 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellowish brown) and 3 (strong staining, brown). The staining index (SI) was calculated as follows: SI = staining intensity × proportion of positively stained tumor cells. Using this method of assessment, we evaluated SERPINA3 expression in glioma tissue specimens by SI (scored as 0, 1, 2, 3, 4, 6 or 9). Cutoff values to define the high and low expression of SERPINA3 were chosen based on a measure of heterogeneity with the log-rank test statistics with respect to OS. SERPINA3 staining was quantified using a two-level grade system as follows: 0-3 indicates low expression and 4-9 indicates high expression.
IHC staining for SERPINA3 protein expression in the tumor and nontumorous brain tissue specimens was quantitatively analyzed with the AxioVision Rel. 4.6 computerized image analysis system assisted with the automatic measurement program (Carl Zeiss, Oberkochen, Germany). Briefly, to assess the mean optical density (MOD), the stained sections were evaluated at 200× magnification, and five representative staining fields of each section were analyzed to verify the mean absorbance, which represents the strength of staining signals as measured per positive pixel.
rna preparation and quantitative rT-Pcr
Total RNA was extracted from the tissues using Trizol reagent (Takara, Dalian, People's Republic of China) and reverse transcribed by PrimeScript RT reagent kit (Takara) according to the manufacturer's instruction. Quantitative RT-PCR (qRT-PCR) was subsequently performed with SYBR Premix Ex Taq (Takara) using a 7500 realtime PCR system (Applied Biosystems). Sequences of the primers are as follows: SERPINA3 forward primer 5′-CTTCACCAGCAAGGCTGACC-3′, SERPINA3 reverse primer 5′-GCACAGCCTTATGGACCACC-3′, GAPDH forward primer 5′-AAGATCATCAGCAATGCCTCC-3′ and GAPDH reverse primer 5′-TGGACTGTGGTCATGA GTCCTT-3′. PCR reactions were performed under the following conditions: pre-denaturation at 94°C for 7 min, denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec, elongation at 72°C for 1 min and elongation at 72°C for 10 min. Expression data were normalized to the housekeeping gene GAPDH as a loading control.
statistical analysis
All data were analyzed using SPSS17.0 statistical package (SPSS Inc., Chicago, IL, USA) or GraphPad Prism software 5.0 (GraphPad Software, San Diego, CA, USA). Associations between clinicopathologic parameters with SERPINA3 expression were identified using chi-square test. OS was evaluated by the Kaplan-Meier analysis and the difference between groups was assessed by log-rank test, while the prognostic significance of clinical and pathologic characteristics was determined using univariate Cox regression analysis. Continuous data were compared using Student ' 
Results
serPina3 expression is correlated with clinicopathologic features of patients with glioma
To determine the significance of the increased SERPINA3 expression in glioma, we analyzed the relationship between SERPINA3 expression levels and the clinicopathologic features of glioma tumor patients (Table 1) . We confirmed SERPINA3 protein expression level in 180 glioma tissue specimens using IHC. In the 180 glioma patients, there were 78 women (43.33%) and 102 men (56.67%) with age ranging from 11 to 81 years (median 52.5 years), including 22 cases of grade I, 43 cases of grade II, 49 cases of grade III and 66 cases of grade IV astrocytomas according to the 2007 WHO classification. We observed that 59.44% (107/180) tissue samples showed high SERPINA3 expression and 40.56% (73/180) showed low expression. The diameter of most tumors was .5 cm, the proportion of which was 80.56% (87/108) in the high SERPINA3 expression group and 19.44% (21/108) in the low SERPINA3 expression group. We also evaluated the KPS for all of the patients before surgery. High SERPINA3 expression levels were found to be significantly associated with large tumor size (.5 cm; P,0.0001), low KPS score (,90; P,0.0001) and high WHO grade (P,0.0001). There were no significant correlations between SERPINA3 expression levels and age and gender.
correlation between serPina3 expression and glioma grade To determine whether SERPINA3 expression level was associated with glioma grade, all 180 glioma tissue specimens and 10 nontumorous brain tissues were analyzed by IHC experiments. Representative images of SERPINA3 staining in glioma patients and nontumorous brain tissues are shown in Figure 1A . Positive expression of SERPINA3 mainly existed in the cytoplasm of glioma cells. In contrast, SERPINA3 was hardly detectable in the normal brain tissue. Next, we summarized the MOD of SERPINA3 staining among ten nontumorous brain tissues and glioma tissue specimens of all grades. The MOD of SERPINA3 staining increased in a stepwise manner from lower grade to higher grade (P,0.05; Figure 1B ). Furthermore, we measured the expression of SERPINA3 mRNA by qRT-PCR analysis in 80 glioma tissue specimens and 10 noncancerous brain tissue specimens. Compared with noncancerous brain tissues, the expression levels of SERPINA3 mRNA were markedly upregulated in all grades of glioma tissue specimens. Notably, the expression 
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serPina3 overexpression in glioma levels of SERPINA3 mRNA also increased from lower grade to higher grade in all gliomas (P,0.05; Figure 1C ). This result indicates that SERPINA3 could play a critical role in glioma initiation and progression process.
Positive expression of serPina3 is associated with poor prognosis of glioma patients
To evaluate the association of SERPINA3 protein expression with glioma patients' prognosis, the expression pattern was categorized into two groups: low SERPINA3 expression and high SERPINA3 expression. This categorization was based on positively stained tumor cells and the intensity of staining. The prognostic significance of SERPINA3 levels in patients with glioma was investigated using a Kaplan-Meier survival analysis, which showed that patients with high SERPINA3 levels had a significantly shorter OS than those with low SERPINA3 levels (P,0.0001; Figure 2A Figure 2B and C). In addition, univariate and multivariate analyses were performed for 180 cases of glioma patients to determine the relative risk of prognostic parameters ( Table 2 ). The results indicated that the SERPINA3 expression level, tumor size and WHO grade were independent prognostic factors for poor OS in glioma patients. Taken together, SERPINA3 protein overexpression is associated with poor prognosis in glioma clinical cases and appears to be a potential therapeutic target.
To further validate these findings, we searched the Oncomine database for SERPINA3 expression in human glioma patients (Table 3 ). Eight datasets show that SERPINA3 protein expression is higher in glioma patients tissues compared with that in normal noncancerous tissue. Two datasets show a significant association between SERPINA3 protein expression and glioma WHO grade. Also, there is an important difference between SERPINA3 overexpression and patient treatment response in one dataset. Similarly, SERPINA3 overexpression is significantly associated with EGFR gene amplification and loss of heterozygosity Chromosome. Not surprisingly, high SERPINA3 expression is significantly associated with recurrence and short survival time. In conclusion, the results show that SERPINA3 overexpression plays an important role in glioma growth and progression, indicating a potential therapeutic strategy for personalized medicine by targeting SERPINA3 in glioma patients.
Discussion
Malignant glioma is one of the most aggressive cancers, and the overall prognosis for glioma patients remains poor. Therefore, identifying the mechanism that is responsible for glioma progression may provide insights into the design of effective and therapeutic strategies for glioma. 26, 27 The main finding in our study is that the progression of human glioma is associated with upregulation of SERPINA3 expression. At first, we found that high SERPINA3 expression levels were significantly associated with large tumor size (.5 cm; P,0.0001), low KPS score (,90; P,0.0001) and high WHO grade (P,0.0001). Moreover, we demonstrated the expression format and prognostic importance of SERPINA3 expression in all grades of human glioma tissue samples and nontumorous brain tissues using IHC and RT-PCR. IHC analysis suggested SERPINA3 protein overexpression in glioma tissue samples as compared with nontumorous brain tissues. The score of SERPINA3 staining increased in a stepwise manner from lower to higher grade glioma tissues. Furthermore, the expression levels of SERPINA3 mRNA also increased from lower grade to higher grades of glioma (P,0.05). Next, using Kaplan-Meier survival analysis, we investigated the prognostic significance of SERPINA3 levels in glioma patients. Our results showed that patients with high SERPINA3 levels had a significantly shorter OS than those with low SERPINA3 levels (P,0.0001). In addition, the cumulative 5-year survival rate was 31.51% (23/73) in the low SERPINA3 expression group, whereas it was only 5.61% (6/107) in the high SERPINA3 expression group. Our results obtained using univariate and multivariate analyses indicated that SERPINA3 may act as an independent prognostic factor for the OS of glioma patients.
Consistent with the observations of our study, accumulating evidence has indicated that elevated SERPINA3 protein level is correlated with cancer progression and decreased survival. Previous studies 8 showed overexpression of SERPINA3 in invasive and metastatic melanomas, compared to normal nevi and melanoma-in-situ. Also, knockdown of SERPINA3 was sufficient to decrease melanoma migration and invasion abilities. In melanoma patients, high SERPINA3 expression was strongly associated with worse overall survival and disease-specific survival at 5 years. Multivariate Cox regression analysis showed that SERPINA3 expression was an independent prognostic factor in predicting melanoma patients' clinical outcome. A study also indicated that SERPINA3 expression was significantly upregulated in endometrial cancer samples and was closely correlated with lower differentiation, higher stage, positive lymph node or vascular thrombosis and negative estrogen receptor, indicating a poor prognosis. 9 A previous study suggested that staining for α1-antichymotrypsin and α1-antitrypsin is of little value in the differential diagnosis of neuroepithelial or mesenchymal lesions in the brain. 28 Some studies also found that α1-antichymotrypsin was expressed in human glioblastoma multiforme cells. 29 However, there is no report on whether SERPINA3 expression level is related to glioma patients' prognosis. In our study, using IHC and RT-PCR, we found that SERPINA3 protein level and mRNA level in glioma were higher than in nontumorous brain tissues. Overexpression of SERPINA3 increased from lower grade to higher grade in all glioma cases. High SERPINA3 expression levels were found to be significantly associated with large tumor size (.5 cm), low KPS score (,90) and high WHO grade. The survival time of patients with high SERPINA3 expression level was shorter than that of those with low expression.
Multiple steps are involved in the invasion and metastasis of malignant cells to distant tissues, including cancer cell attachment to ECM, degradation of ECM components and 30 The proteases, such as matrix metalloproteinases, are, therefore, considered as a key factor in this process. 31, 32 Moreover, protease inhibitors are generally expected to have an antimalignant role. 33 However, some serine protease inhibitors have been reported to be regulated in many tumors, indicating a potential role in tumor progression. 34 As one of the most abundant protease inhibitors in human plasma, SERPINA3 has shown overexpression in many types of tumor. 8, 9, 11, 12, 35, 36 In this study, our findings suggested that SERPINA3 was associated with the progression of glioma. Further testing using Kaplan-Meier survival analysis confirmed that significant difference was obtained wherein patients with high SERPINA3 expression had significantly shorter OS than the ones with low SERPINA3 expression in either grade I + II subgroup or grade III + IV subgroup. Cox regression confirmed that the SERPINA3 expression level, tumor size and WHO grade were independent prognostic factors for poor OS in glioma patients.
In Oncomine online database, SERPINA3 overexpression in glioma has already been proven. There was a significant association between SERPINA3 protein expression and glioma WHO grade. Significant difference was observed that SERPINA3 overexpression is significantly associated with patient treatment response in dataset. Consistent with this, SERPINA3 overexpression was significantly associated with EGFR amplification and loss of heterozygosity chromosome. Not surprisingly, high SERPINA3 expression was significantly associated with recurrence and short survival time.
Conclusion
On the basis of these observations, we confirmed that SERPINA3 can serve as a potential predictive biomarker for the prognosis of gliomas and may be a potential therapy target.
